The trill vocalization is given by eastern chipmunks (Tamias striatus) when being pursued by a predator. To examine the adaptive significance of this vocalization, we assessed the effects of sex, age, and distance from the burrow on the occurrence of the call. Chipmunks were released either 10 or 100 m from their burrow and chased by an experimenter to simulate a terrestrial predator. We found that adult females trill more often when released 10 m from their burrow (67% of 24 chases) than when released 100 m from their burrow (14% of 21 chases). Adult males, on the other hand, showed no significant difference in their probability of trilling based on the distance from their burrows (45% of 20 chases at 10 m and 55% of 20 chases at 100 m). Adult females trilled more than adult males when released 10 m from their burrow (67% compared with 45%) but less than males when released 100 m from their burrow (14% compared with 55%). Juvenile females only trilled when released 10 m from their burrows (45% of 11 chases), and juvenile males did not trill at all. We attributed sex, age, and location differences in giving the trill vocalization to the effects of kin selection on antipredator behavior.
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Key words: alarm calling, antipredator behavior, chipmunks, predation, refuge, Tamias striatus, vocalizations Chipmunks give three distinct calls in the presence of predators: chipping, chucking, and trilling (Dunford 1970; Elliott 1978) . Chipping and chucking are repeated calls given in series that may last up to 30 min and are given in the presence of terrestrial and aerial predators, respectively (Burke da . The trill vocalization (trilling) differs from the other two call types in that it is short in duration and given primarily during pursuit by a predator, not simply when the predator arrives or is discovered (Burke da Silva 1994). On average, the trill vocalization consists of 6-11 sep-* Correspondent: kdasilva@nc.rr.com arate, low-amplitude notes with a call duration of 0.20 Ϯ 0.037 s (Burke da . Chipmunks respond to playback of the trill vocalization by becoming alert (Weary and Kramer 1995) . Escape calls of this nature have not been well described in ground squirrels. However, a trill vocalization has been described for yellow-bellied marmots, M. flaviventris (Blumstein and Armitage 1997) , hoary marmots, M. caligata, Olympic marmots, M. olympus, and Vancouver Island marmots, M. vancouverensis (Blumstein 1999) , which also give a trill call when disappearing into a burrow, often when pursued by a predator. A call given by the Columbian ground squirrel (Spermophilus columbianus) is similar in that a ''churr,'' consisting of a fading series of several shrill chirps, is given in quick succession just before it enters its burrow (Harris et al. 1983) .
Eastern chipmunks are small (approximately 100 g in body weight), diurnal, and primarily terrestrial mammals that occupy a burrow system solitarily (Elliott 1978) . The burrow is usually in the middle of a roughly circular home range with the area of primary use within a radius of, on average, 15-25 m from the burrow (Elliott 1978; Getty 1981; Mares et al. 1976 ). Both male and female chipmunks mate multiply. Females tend to remain on or near their home range when in estrus, whereas males come from neighboring and distant territories to mate Elliott 1978) , traveling, on an average, 170 m from their burrow (Loew 1993) . Chipmunks breed in the spring (March), in the summer (July), or in both seasons. Spring-born juveniles emerge in late May and early June, and summer-born ones emerge in September (Elliot 1978) . Dispersal usually occurs within 1 week of emergence. As with most mammals, dispersal is male biased. Males typically disperse relatively far away from their natal burrows (345 m), whereas females tend to settle near their home (85 m), with their range often overlapping their mother's home range (Loew 1999) .
In general, alarm vocalizations may be directed at either the predator or conspecifics and could confer selective advantage to the caller via several mechanisms (Charnov and Krebs 1975; Maynard Smith 1965; Smith 1986) . If the trill call is meant to startle the predator, we predict that it would be given at the start of a chase rather than at the end, and there should be no difference in the probability of calling based on age or sex because all individuals should benefit. In addition, the trill should not be given preferentially when closer to a burrow instead of when further from it; again the advantage gained should not be distance dependent. If the trill call is meant to deter the predator from pursuit, it should also be given at the start of a chase and should be repeated until the predator leaves the area, as in mobbing calls (Owings and Cross 1977; Tamura 1989) . Furthermore, individuals that are within their areas of primary use should be more likely to give the call. In the future-benefits-to-caller hypothesis, Trivers (1971) stated that future benefits are much higher for resident individuals than for nonresidents if a mobbed predator is not successful in hunting in the area; thus, we predict that both male and female chipmunks closer to their burrows should trill more often than those far from their burrows.
If, on the other hand, the call is directed toward conspecifics (Klump and Shalter 1984) , it could function to warn offspring (direct selection), other kin (indirect selection), or nonrelatives (reciprocal altruism). If the trill call functions to increase the survival of juveniles, then it should be given primarily during the season of juvenile emergence, when the young remain on their mother's territory, and it should be given more often by adult females than by adult males or by the young themselves. If the trill call is given to notify other close relatives, then it should be given more often by individuals that are surrounded by relatives (e.g., more by adult females when close to their burrows than by any other age, sex, or distance class) rather than by individuals with fewer nearby relatives (adult females far from their burrows, juvenile females, and adult males who are uncertain of paternity), and it should not be given by individuals that have dispersed outside of their natal home range (juvenile males) and that presumably do not have nearby relatives. In addition, the probability of calling should not be season dependent because relatives will always be nearby. Finally, if the trill call is given to notify nonrelatives, then there should not be any difference between the probability of calling between males and females-juveniles are predicted to call less than adults because they have not built up significant relationships with neighbors-and there should not be any seasonal variation in the call. The probability of trilling should be greater for individuals near their burrow than for those far from it, so that individuals receiving a warning will reciprocate the warning at a later date (Trivers 1971) .
Our objective in this study was to test the aforementioned hypotheses by determining the effects of sex, age, season, and distance from the burrow on the occurrence of trill vocalization by the eastern chipmunk. In addition, we examined the juvenile dispersal movements to determine the distribution of offspring and kin in our study area.
Observations of predator-prey interactions are rare for most species, and experimental studies of predation are limited by ethical considerations. Attempts to determine the adaptive significance and type of selection favoring antipredator vocalizations have consequently relied on inferences from the spatial, temporal, and demographic patterns in the occurrence of the calls (Davis 1984; Dunford 1977; Hoogland 1983; Leger and Owings 1978; MacWhirter 1992; Schwagmeyer 1980; Sherman 1977; Turner 1973 ). For example, Barash (1975) indicated that male Olympic marmots call more than females, but males also tended to be located in positions where they could be more vigilant and capable of detecting predators before females did. Therefore, the adaptive significance of the call was difficult to discern. Experimental control of context would alleviate this effect.
MATERIALS AND METHODS
This study was conducted at McGill University's Gault Nature Reserve at Mont St. Hilaire, Quebec, Canada, from May 1990 to October 1991 (45Њ33ЈN, 73Њ10ЈW). The study area consisted of a 4-ha section of beech-maple forest, adjacent to Lac Hertel (described in Maycock 1961) . Chipmunks live in very high densities in this area, averaging about 30 individuals per hectare.
We located the burrows of resident chipmunks by using sunflower seeds to attract chipmunks to a central feeding station. After the chipmunks filled their cheek pouches with sunflower seeds, we followed them to their burrows and marked all the burrow locations with flags. When the chipmunks returned to the feeding station, we captured them with a butterfly net. After capturing a chipmunk, we transferred it to a clear plastic bag, weighed it, and determined it's sex and age class (juvenile or adult). We classified animals as adult or juvenile based on their weight (juveniles, Յ65 g; adults, Ն90 g) and teat or scrotal development. Most of the captured chipmunks were individually marked with unique patterns of fur clippings and numbered ear tags. Several animals were not marked but were considered as known individuals because we had located and marked their burrows. Only known chipmunks were used in the experiments.
We measured the response of adult chipmunks to a human predator during June and July 1991 by capturing them using a butterfly net, transferring them to a plastic bag, and then carrying them to a predetermined destination, either 10 m (inside the area of primary use) or 100 m (outside the area of primary use) from their burrow. Each chipmunk was exposed to only 1 distance treatment. A single experimenter released and then chased the chipmunks, trying to stay within 1 m of the chipmunk until it reached a refuge (either ran into a hole or climbed a tree), typically within 10 s of being released. Another observer stood by to help determine whether or not a vocalization was made. Because we have observed many responses of chipmunks to natural predation attempts by terrestrial predators (e.g., raccoons, Procyon lotor; ermine, Mustela erminea; and red foxes, Vulpes vulpes), we are confident that the chipmunk behavior observed when chased by a human was similar. We have also noted that chipmunks often give the chipping vocalization (terrestrial predator call) when disturbed or chased by humans. All chipmunks that were released at the 100-m distance were observed back in their home range within 1 h of the experiment. The response of juveniles was not measured during June and July because most of them do not acquire a burrow system until late summer. We measured the response of spring-born juveniles to simulated predation attempts 10 and 100 m from their burrows during September and October 1990, by which time they had established a territory for at least 2 months. Each juvenile was tested at both the 10- m and 100-m distance treatments; the initial distance treatment was chosen randomly and never tested at both sites on the same day. We used a G-test for goodness-of-fit to determine the effects of sex and distance released from burrow on the trill vocalization during the 2 experiments (Sokal and Rohlf 1995) . We used the sequential Bonferroni technique to correct for any bias in significance levels that would result from using the same data in more than 1 analysis. An a priori significance level was set at P Յ ␣ ϭ 0.05/k (k ϭ the number of tests performed) for all analyses (Sokal and Rohlf 1995) .
To determine the juvenile dispersal distance, we watched the burrows of lactating females for 3 h each day for 8 days starting on 23 May, in order to detect the initial movement of juveniles above ground. Juveniles are relatively easy to capture because when frightened, they either froze or climbed trees, at which time we were able to capture them using a butterfly net. We clipped the fur of the captured animals in different patterns for field identification and marked them with numbered ear tags. Postdispersal juveniles were relocated from August through October 1990 by conducting daily observations and systematic searches within a 500-m radius of the study area. We compared the observed dispersal distance for juvenile males and females using a Mann-Whitney U-test (Sokal and Rohlf 1995) .
Chipmunks were observed throughout the active season (May through October 1990 and 1991) , and the dates of naturally occurring trills were recorded.
RESULTS
Trills were given throughout the active season, from May through October, before, during, and after juvenile dispersal, indicating that this is not a call that is directed solely at newly emerged offspring. No trills were heard when individuals were caught in the butterfly net or when being handled. All of the trill vocalizations that we observed in the experimental trials (n ϭ 44) were given at the end of a chase, just before the chipmunk disappeared into an escape refuge, never at the start of a chase or while being captured. Adult females gave the trill vocalization significantly more often when released 10 m than when released 100 m from their burrows (G ϭ 11.58, d.f. ϭ 1, P Ͻ 0.001; Table 1 ). Adult males did not show this difference (G ϭ 1.0, d.f. ϭ 1, P Ͻ 0.50; Table 1 ). Adult females gave the trill vocalization more often than adult male chipmunks when released 10 m from their burrows (G ϭ 4.82, d.f. ϭ 1, P Ͻ 0.05; Table 1 ), whereas adult males gave the trill vocalization significantly more often than adult female chipmunks when released 100 m from their burrow (G ϭ 4.86, d.f. ϭ 1, P Ͻ 0.05; Table 1 ). Among juveniles, only females trilled when released at 10 m (Fisher's exact test; P ϭ 0.02; Table 1 ), but neither sex trilled when released at 100 m (Table 1).
The type and the availability of refuges in the experimental area were not determined. We did, however, note the type of refuge (going into a hole in the ground or climbing a tree) that individuals used when chased. Adult females primarily chose holes as a refuge when chased at 10 m and climbed trees when chased at 100 m (G ϭ 15.48, d.f. ϭ 1, P Ͻ 0.0001). Adult males, on the other hand, used holes as often at 10 m from their burrow as they did at 100 m (G ϭ 3.21, d.f. ϭ 1, P Ͻ 0.10). Adult chipmunks of both genders were much more likely to give a trill vocalization when a hole rather than a tree was used as refuge, regardless of the distance from the burrow (G ϭ 8.32, d.f. ϭ 1, P Ͻ 0.005). Similar to adult females, juveniles (no difference was found between males and females) chose to use holes significantly more often at 10 m and trees more often at 100 m ( 2 ϭ 28.18, P Ͻ 0.0001).
We captured and marked 56 (19 males and 37 females) juveniles before dispersal during May and June 1990. However, we were only able to determine dispersal distances for 17 females and 4 males; the low number of males recaptured may be attributed to dispersal outside of the study area, a distance of over 500 m, or to a higher mortality rate. Loew (1999) had a similar recapture rate of 44% for females and 31% for males, and she found that 28% of juvenile males dispersed more than 500 m from their natal site. Juvenile female chipmunks dispersed an average of 27.72 m Ϯ A U-test comparing dispersal distances for males and females was significantly different (U ϭ 56, P Ͻ 0.05). Because of the low sample size for recaptured males, the dispersal distance found for males is probably lower than the actual value.
DISCUSSION
Giving an alarm call in the presence of predators is a potentially hazardous behavior according to both theoretical biologists (Dawkins 1976; Hamilton 1964; Maynard Smith 1965) and field biologists (Dunford 1977; Hoogland 1996; Owings and Leger 1980; Sherman 1977) . The advantage gained, however, may be worth the risk to the caller if it were to increase the caller's inclusive fitness (Hamilton 1964) . The trill vocalization given by eastern chipmunks requires an explanation as to what advantage is gained by the caller. If the call helps to increase the survival of nearby relatives, thereby increasing inclusive fitness, then it should be selected for.
Trilling is given in a manner that reflects relatedness and juvenile dispersal patterns. Adult females, according to our observed dispersal data and those of Elliot (1978) and Loew (1993) , live close to their mothers, sisters, and daughters. Consequently, they are expected to have the greatest number of relatives living close to their burrows. Males, on the other hand, typically disperse out of their natal range and may travel relatively large distances from their burrows to mate, in some cases as far as 400 m (Loew 1993) ; thus, juvenile males do not have any nearby relatives, and adult males may have offspring both near and far from their burrow. We found that adult females were the most likely age and sex class to trill when close (10 m from the burrow) to relatives. Juvenile females also trilled when close to relatives, albeit at a lower rate than adult females, perhaps indicating a smaller fitness gain or a greater risk to trilling. Adult males trilled less than adult females at the 10-m distance but more than females at the 100-m distance. Males mate with multiple females, both near and far from their burrow, but are never certain of paternity because females also mate multiply (Elliott 1978; Loew 1993) . Consequently, males may have offspring both close to their burrows as well as further away, and they cannot be certain of their relatedness to any individual. Therefore, males trill less often than females (who are certain of kinship) when close to their burrow, but they trill more often than females when far from their burrows, showing no sensitivity to the distance treatment. Hoogland (1996) also found that Gunnison prairie dog males would call at the same rate regardless of whether or not they had kin at a site. In fact, several studies have found that individuals with no nearby kin consistently give alarm calls but at a much lower rate than individuals with kin nearby (Davis 1984; Hoogland 1996; MacWhirter 1992; Sherman 1977) . This trend suggests that something in addition to kin selection may be maintaining a fitness advantage in males, or it may indicate that the cost of trilling for adult males is less than for other age and sex classes. The finding that adult males use holes as a refuge at both the 10-and the 100-m distances suggests that their knowledge of the terrain 100 m from their burrows is more substantive than that of adult females. Males wander extensively during the mating season (Loew 1993) , when they are likely to attain this information. This could result in a lower risk to males in giving the trill call at the 100-m distance.
Our findings that postdispersal juvenile males never trilled whereas postdispersal juvenile females trilled when close to their burrow (and supposedly close to kin) is typical of the nepotistic calls given by other ground-dwelling sciurids (Tamias sonomae -Smith 1978; Spermophilus-Davis 1984; Dunford 1977; MacWhirter 1992; Schwagmeyer 1980; Sherman 1977; Cynomys ludivicianus-Hoogland 1983 , 1996 and Marmota-Barash 1975; Blumstein et al. 1997 ). In addition, Davis (1984) found that after dispersal, juvenile male Richardson's ground squirrels (S. richardsonii) never called, whereas nondispersed males did, and he used this evidence to support the argument for kin selection.
In our study and in the studies by Dunford (1970) and Yahner (1978) , trilling occurred throughout the active season and was not confined to the season of juvenile emergence. Although the trill vocalization may function to warn neighboring kin, we do not think that trilling functioned as a parental care mechanism, as documented in other sciurids (Blumstein et al. 1997; Schwagmeyer 1980 ).
Trilling does not seem to function to startle the predator because it is given at the conclusion of a predation chase rather than at the beginning. In addition, we found that trilling is not given when a chipmunk is trapped or captured by a predator. In contrast, calls meant to startle predators are often given upon capture. For example, Uinta ground squirrels (S. armatus) give their full repertoire of antipredator calls when either trapped or handled (Balph and Balph 1966) . Trilling also does not seem to function as a predator-mobbing call, a predator-detection call, a tonic communication call to maintain vigilance in the population, or a distress call because it is not repeated. In addition, predator-detection and distress calls tend to be loud (Klump and Shalter 1984) and are given by captured animals. The trill call is very soft and presumably does not carry long distances (Burke da . Furthermore, predator-detection calls are given by all individuals rather than in demographic patterns that support kin selection.
Understanding the function of any behavior is difficult, especially if a behavior appears hazardous. The data and arguments from this study provide evidence to support the hypothesis that the trill call of eastern chipmunks, a potentially hazardous behavior, is given to warn nearby relatives of potential predators. By doing so, individuals may increase their inclusive fitness by helping closely related kin, which is required in order for a risky behavior to evolve.
